operation the surgeon will see at the bottom of his dissection two luminous spots which will come nearer to each other as he gradually gets deeper; when these two spots finally come together, the operator will have reached the body to be removed.
When the size of the incision is not large enough to admit both luminous rays together, a slightly different technique may be used.
The two light spots are made to coincide on the surface of the skin and the depth of the dissection is gauged by an instrument made up of a small straight graduated rod bearing a small horizontal disc at its upper end. Let us suppose that the length of the rod is equal to the distance between the foreign body and the skin: When introducing this instrurment into the site of operation so that its lower end rests on the light spot issuing from the central luminous source, the two light beams will produce two separate spots on the disc as long as the lower end is at some distance from the foreign body. On the other hand, when the lower end of the instrument comes in contact wNith that body, both spots coincide.
Thus the surgeon has a precise means of ascertaining the distance at which the body is located.
It may be objected to this method that it presupposes the absolute immobility of the organ to be operated upon, a condition difficult to obtain, notwithstanding all precautions. We mnust note, however, that at any given moment the surgeon is enabled to appreciate any change of position by two indications:-
(1) The light spot coming from the beam emanating from the bottom of the casette holder and formned on the surface of that part of the body resting on it, and
(2) the upper light spot emanating from the central luminous source and formed at the bottom of the zone of dissection, the fixedness of which the surgeon may control by means of an artery-clamp allowed to remain in position. The surgeon mav thus, at any time, bring the part operated on into the proper position by causing the coincidence of both light spots emanating from the light compasses and of the corresponding guide-marks.
The dimensions of the light-compasses are such that the surgeon can operate at ease, without being impeded by the X-ray tube, &c., which are placed well above his head.
During the course of this study we have reached anew certain principles already known, e.g. (1) the use of one film for two images (Bclere and Morin); (2) the radio-opaque guiding-mark applied on the skin (Cottenot and Boudaghian); (3) the principle of Hirtz's compasses. However, instead of taking the fixed points of the compasses on the patient we ascertain them in space, by a system consisting of the source of the X-rays and of the centering table.
The original feature in my method consists in the use of the light beams guiding the surgeon without any interference with his work, and in combining the operations of localization and extraction.
II.-Radiology of the Mastoid Process IBY 1T. GRAHIHAMI HODGSON, C.V.O., F.R.C.P.1
Raudiographic Technique and General Cons8iderations
A BRIEF consideration of the anatomical variations and the pathology of the mnastoid process indicates the scope of the information wlhich is required of the radiologist by his surgical colleague.
The required information may be summarized under twvo main headings, as follows:
(1) Anatom.ical information.-(a) Are the processes cellular or acellular'? (b) If cellular, what is the distribution of the cells ? Do they extend beyond the recognized normal limits ? Is the cortex thick or thin ? (c) If the processes are acellulax, are they diploetic or sclerotic ? This latter type is a developmental and not a pathological type, as one might infer from its name. (d) Are the processes symmetrical ? Developmental asymmetry is rare, but asymmetry may be the result of disease in early life interfering with the extension of the antral mucosa into the surrounding bone and thereby preventing pneumatization of the process. Such a mastoid process may be recognized by the fact that besides being poorly pneumatized.
it will be smaller than its fellow of the opposite side.
(2) Pathological information.-At first sight this subdivision would appear to be of much greater importance than the first, but as I hope to show, this is far from being the case. The type of mastoid and the distribution of the cells are of paramount importance to the surgeon, not only from the operative point of view, but from that from which he evaluates the patient's symptoms. The radiologist who wishes to give a useful opinion on the X-ray findings cannot pay too inuch attention to the influence of anatomical type on the pathology and possible complications of mastoiditis. The only method short of operation by which the surgeon can tell whether a mastoid is pneumatized or not is by X-rays, and the difficulties of diagnosis. both clinical and radiological, are very much increased in a diploetic or sclerotie mastoid.
The actual technique which I use is as follows I take five radiograms which give three separate and distinct views of the mastoid processes, each of them necessary. I make use of the sinus stand which I designe(d ten years ago for sinus radiography, and as in sinus radiography, the angles use(l must be exact and not " somewhere near " or " about (1) The first is the postero-anterior oblique position. The head is grasped in the clamp and rotated through 45°which brings the petrous bone parallel to the filmii and throws the mastoid process clear of overlapping shadows. The tube is centred over the process. In this view one sees whether the process is cellular or not, the thickness of the cortex and the extent to which the cells spread inwards into the petrous bone.
(2) This is the lateral oblique position. The head is in the lateral plane, and the tube is tilted downwards 30°and centred on the external meatus nearest the film. This view gives a 90°variation of the perspective angle from the previous one and it shows the distribution of the cells in the antero-posterior plane. It demonstrates the relationship of the cells to the knee of the lateral sinus, whether they extend upwards; into the squamous or forwards into the zygoma. It shows the thickness of the tegmen and whether any tegmen cells are present.
(3) This is the 30°fronto-occipital view, and it is sometimes very useful. It not only shows both petrous bones with any cell extension into them, but it gives one what amounts to an axial or end-on view of the two mastoid processes, on the same film. The utility of this is that in the early stages of infection the very slight hazy lack of translucency of the cells showing in the other views, is very much increased in this one owing to the fact that one is looking through the whole length of the cells, which is much greater than a transverse section. General con8ideration8.-We need to draw a very hard and fast line between the cellular and acellular mastoid when we are considering the scope and accuracy of X-ray diagnosis in this subject, and you will forgive me if I endeavour to illustrate my meaning by a nautical simile. I will liken the radiograph of a cellular mastoid to a clear night at sea, when the look-out man in a ship's bows, providing he know-s his job, can give accurate and reliable information to the bridge. He sees an(t immediately recognizes the coastwise lights and the lights of other shipping. Hi.s knowledge teaches him to distinguish between the masthead lights of vessels under power, the two white lights and tricoloured lantern of the trawler, and the port an(d starboard lights of a sailing vessel. From the position of these lights, although he cannot see the vessels theinselves, he can tell at a glance if their course clears his ship in safety or whether they are stem on. Such, in analogy, is a cellular mastoid.
A diploetic mastoid, however, is to the radiologist like a heavy mist with 300 yards' visibility, and a sclerotic mastoid like a thick fog through which the navigating officer can scarcely see the stem-head. Under such conditions, once the look-out has reported the lack of visibility, the wise captain steers his ship solely by dead reckoning, depth soundings, and estimated bearings on the fog-horns of lightships and the syrens of other vessels. In other words he relies on his basic training and knowledge alone, and he ignores the look-out, for he knows that if the look-out sees anything over the bows but fog, his ship is in grave danger. You will, however, appreciate the one important difference in this simile, for whereas in thick weather at sea, vessels proceed at reduced speed, the surgeon, when informed by the radiologist that he is dealing with an acellular mastoid, goes full steam ahead. He does not wait for any further information from the radiologist, and realizing the much greater danger of grave complications, operates at an earlier stage and on fewer signs and symptoms than he would in the case of a cellular mastoid. The occurrence of an acute mastoiditis as a sequel to otitis media depends to a large extent on the anatomical type of mastoid present. The complicated and comnmunicating network of cavities in a cellular mastoid is more prone to the spread of infection and very much more difficult to drain through a paracentesis opening. Therefore an acute mastoiditis is much more likely to occur in such a mastoid than in one of the diploetic or sclerotic type. On the other hand, the cortex is thinner and the signs of acute inflammation appear earlier both clinically and radiographically in a cellular mastoid.
In an acellular mastoid, however, the mastoid antrum has a thick layer of bone between it and the surface, and only a very thin layer of bone, the tegmen antri, separates it from the meninges. Because of this, dangerous complications are very much more likely to occur, owing to the infection taking the path of least resistance. In the early stages of such a case, when the clinical signs are doubtful, the report of the radiologist that the imastoid is acellular will immediately reveal to the surgeon the reason for the doubtful signs and is all he wants to know. In such a case, where owing to the density of the overlying bone the mastoid antrum may not be visible, the radiologist, when asked about evidence of infection, should point to the bony fog " and say " I do not know ", and he might add w%ith emphasis, " I do not want to knowr ", because generally the first sign of infection he will see in such a process is bone destructioii, and bx that time the patient's life w%ill be in imminent danger.
Interpretation (a) Acute mastoiditis in a cellular mastoid process-.With good radiographs, in the great majority of cases of acute otitis media some lack of definition of the mastoid antrum can be discerned, owing to cedema of the mucosa. If the condition progresses and the infection of the imastoid process spreads, the peri-antral cells, and later the other cells of the process, become hazy in outline and more opaque than their fellows of the opposite side, and finally the cell walls become invisible. In cases of bilateral infection or developmental asymmetry, the radiologist relies on the lack of definition of the cell outlines and his experience of the normal transradiancy of the mastoid cells.
The distribution of the mastoid cells and, especially, the relationship of any eells to the lateral sinus, the tegmen antri, or the zygomatic process, should be carefully noted.
Attention should be drawn to any cells medial to the labyrinth or extending upwards into the squamous portion of the temporal bone. These cells, if infected, have to be carefully searched for. Infected squamous cells often show little difference in radiographic density, only a slight localized blurring of the bone structure being discernible. It is obviously of the greatest importance that the surgeon should know of the presence of such cells. The use of a powerful magnifying glass, together with comparison with the cell distribution on the opposite side, will usually reveal their presence. Infected cells bordering on and posterior to the lateral sinus should be noted, and in this connexion stereoscopic views will often be found useful.
(b) Chronic mastoiditis in a cellular mastoid.-Chronic suppurative otitis media, with a constant or intermittent discharge from the middle ear is a common disease, usually commencing in childhood. The name is misleading as it tends to focus attention on the middle ear, with a consequent tendency to local treatment, whereas the real site of the infection frequently lies at a distance from the middle ear. A persistent infection anywhere from the nasopharynx to the mastoid air cells may be responsible for a " middle-ear " discharge. Where the condition is the result of a chronic mastoid infection a radiograph of the affected process will show it to be opaque. The cell walls will be seen to be very blurred and indistinct, or will have disappeared altogether. In such cases the phrase " breaking down of the cell walls ' is frequently used somewhat loosely and inaccurately. On the one hand the cell walls may actually be eroded, but on the other long-continued infection and consequent hyperaemia will cause decalcification and therefore non-opacity of the cell walls, and we have no radiological means of distinguishing between the two conditions. It is better, therefore, to describe this appearance by saying that " the cell outlines are invisible ".
(c) Mastoiditis in an acellular mastoid.-In this the difficulties of diagnosis are greatly increased, from both the clinical and radiological points of view. In a diploetic mastoid process some cloudiness of the mastoid antrum may be seen and there may also be present a few peri-antral cells which show changes. In a sclerotic mastoid, however, the mastoid antrum will probably be concealed by the dense overlying bone.
Speaking generally, in a case of acute mastoiditis in an acellular process, the radiologist has served his purpose when he has informed the surgeon that the mastoid is acellular. At the same time he should be careful to make quite clear the fact that the absence of radiographic evidence of infection of the process, by no means indicates that disease is not present. In a sclerotic mastoid, and frequently in a diploetic mastoid, no X-ray signs whatever are present until actual bone destruction commences, and by the time this has begun very serious complications may have arisen.
In such cases the clinical signs are often slight, but as pointed out previously, the risk of serious complications is much greater than in a cellular mastoid. The radiologist's report that the process is acellular will, however, give the surgeon the necessary clue to the paucity of clinical signs, and he will operate on considerably less evidence than he would in the case of a cellular mastoid. Early operation is essential in such cases, as the mortality of all intracranial complications of acute mastoiditis is high.
The important radiological point in such a case, therefore, is that the mastoid process is acellular, and the absence of X-ray evidence of disease should be ignored if it in any way conflicts with the clinical suspicions.
Complications of M7astoiditis
Cholesteatomna.-This is a chronic condition in which the middle ear and the mastoid antrum and process contain packed masses of flaky epithelial debris which may grow to a large size. They are often accompanied by great destruction of bone; the dura mater may be exposed-with the formation of an extradural abscessor the inner tympanic wall may be eroded-with exposure of the membranous labyrinth. The X-ray appearances are those of a smooth-walled relatively transradiant cavitv in the mastoid process, usually with a sharply defined margin. Intracranial complications.-There is no direct X-ray evidence of these. In some cases one may see infected tegmen cells and evidence of infection of the bone of the tegmen. Occasionally one may see actual perforation of the tegmen.
Fistula.-In chronic suppuration of the middle ear, infection usually invades the internal ear through the apex of the external canal on the inner wall of the aditus. Occasionally this breach in the capsule of the external canal can be seen in the radiograms. Zygomatic mastoiditis.-This condition, as its name denotes, may be met with wN-hen the mastoid is infected and pneumatization has extended forward into the root of the zygoma. In rare cases, these infected cells may rupture into, and destroy, the temporo-mandibular joint.
Apical petrositis.-Occasionally well-marked cell formation may be seen in the petrous bone, mesial to the labyrinth, the chain of cells sometimes extending even to the tip. When such cells become infected, the X-ray appearances are similar to those seen in the cells normally situated in the mastoid process. But in cases where the cells are small and few, all that may be discernible in the radiogram is a very faint blurring of the bony structure or there may be no visible X-ray change whatever.
The Post-Operative Mastoid When the discharge persists for longer than the usual time after a mastoidectomy and no cause can be found for this persistence in the nasopharynx or elsewhere, an X-ray examination of the mastoid process may be required.
In such a case, a careful search should be made for infected unopened cells.
The cells most easily " missed " at operation are those situated in the squamous portion of the temporal bone, in the tegmen antri, along the posterior meatal wall, backwards over the lateral sinus and forwards in the root of the zygoma. Stereoscopic views of all planes are often necessary in such cases, and sequestra should be carefully looked for.
Mr. E. Watson-Williams said that the ordinary plain or stereoscopic X-ray view of the mastoid was a subject which had long interested him. In 1924 he had begun systematically to have the mastoid radiographed, and he had found, as Dr. Graham Hodgson had done, great value in the regular use of X-rays in this region, particularly, of course, in anomalous cases. He did not use it as a routine-it was a matter of expense, as everyone knew. If it was obvious that there was an acute mastoid abscess which had to be opened, he did not, as a general rule, worry about having a radiogram taken. In the anomalous case, however, it was extremely valuable to have the help of X-rays. When he had begun to ask for X-ray pictures no great amount of information was available as to the best angle. He had realized from the beginning the importance of having a standard position for interpretation. The principal ray was 2 in. above and 1 in. behind the opposite external meatus and came out at the damaged external meatus. The advantage of this was that it made it comparatively easy to correlate what was seen in the X-ray film with what was found a-t operation. The line of sight was not quite the same as the view radiographically obtained, but they very nearly coincided, and the amount of tilt was sufficient to turn the other mastoid and the petrous bone well out of the way so that a good view was obtained of the tympanum, mastoid (antrum and cells), and adjacent bone.
It was still frequently implied, or even stated, that when there was an acute infection of the ear there would be an acute tympanitis, and that later on the mastoid would be invaded-as though there were a latent period, possibly of some days. That might occur as a rare thing, but as a rule, however early the acutely infected mastoid was X-rayed (even before perforation of the membrane had occurred) there was an obvious change in the antrum and a few of the cells. One Sectiont of Otology could watch the infection spread through the cellular mastoid, so that it mnight be two or three days, even in an acute infection, before the peripheral cells showed what could be described as definite change.
Dr. Graham Hodgson had made the point that absorption did not meani that the bone was destroyed; it meant only that it was decalcified. He had long used the description "flocculent appearances " for the stage between the first swelling of the mucous membrane and that which followed, in which cell outlines began to be demonstrably lacking.
Mr. I. A. Tumarkin said that Dr. Graham Hodgson drew a hard and fast line between cellular and acellular processes, but X-ray appearances did not fall into those two distinct groups. There was a mixed mastoid, neither cellular nor acellular. Lane and Porter, before the War, had drawn attention to the fact that there were two types of asymmetry: (1) An anatomical asymmetry and (2) a clinical asymmetry. in which there was a mixed type having a certain number of fairly developed cells. He imagined that this mixed type was a source of ambiguity.
Another source of ambiguity was in the use of the word " sclerotic ". His o-wI radiologist used the word to include first the acellular type of bone, which was just a mass of dense ivory-like bone, and secondly, the sclerosed mastoid which was of inflammatory origin, and said that he could distinguish between the two types. Was it really possible always to distinguish between the inflammatory sclerosed type of mastoid and the true ivory type, and if so, could we have some more clear-cut classification ?
His experience was that in the chronic mastoid (he never X-rayed acute miastoid) the acellular type was the one almost invariably encountered, and he understood, from his radiologist, that this -was not a sclerosed mastoid, but a true developmental type. It had been said that chronic mastoiditis w-as a condition w1-hich occurred in the acellular bone exclusively.
Dr. Graham Hodgson said that in fractures of the petrotus bone planigrapliy w-as very useful. In the ordinary X-ray picture the tube and film, as well as the patient, were fixed. In planigraphy the position was rather like that of the spokes. aIndt hub of a wheel. On the circumference of the wheel were the tube and the film, while the axis represented the patient. The axis remained fixed and the film and tube moved. In planigraphy of the heart, for example, a ghost picture of the sternum and of the backbone was obtained but, the axis going through the heart, a clear radiogram of that organ was presented. He had found this method useful in fractures of the petrous bone and in exostosis of the external meatus, but was a little doubtful as to its value in acute mastoid cases.
A Member asked what Dr. Graham Hodgson meant when'Ihe referred to a sclerotic mastoid as being " developmental ". He presumed that he did not mean ' congenital ", but one in which there had been some inflammatory process. Or did he refer to two different types of mastoid, one congenital and the other developmental. meaning by the latter that the infection had begun after birth Dr. Gibier-Rambaud (in reply for Dr. Chausse) said he admitted that it was. difficult to interpret the radiograms rightly, and that was why several oto-radiologists, including the most eminent in Europe at the present time, were organizing an international association of radio-otologists. Dr. Graham Hodgson was one of the first members. Those joining this body would be not only good clinicians but good radiologists also. He spoke neither as a radiologist nor as an otologist, and he had found a considerable amount of difficulty at first in appreciating his friend's radiograms. and tomograms. Included in the association Mwould be those w-ho had elaborated these new methods, tomography, and so on. The object of the movement was to ensure that in future the otologist would know exactly with N-hat he was dealing, and that his work would thus be very much easier.
In reply to a query as to whether the method of colouring one stereoscopic image red and the other green, and looking at it through red and green glasses had been applied to 3-dimensional radiography: To his knowledge this had never been done. He thought it would complicate the subject very much and interfere with the clearness of the half-tone image. The stroma would be searcelv visible.
Dr. Graham Hodgson (in reply) said that in early iiastoiditis some haziness of the cells and mastoid antrum was to be observed. Mr. Tumarkin had mentioned the mixed type of mastoid; this was quite common, and the radiographic appearance of the peri-antral cells was a great help.
He agreed that the expression " a sclerotic mastoid " w-as a misnoiiier. The ivory " mastoid wNas an anatomical condition, not the result of infection, and when dealing with the infective condition he always used the w-ord " sclerosing " or sclerosis ".
